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(57)Abstract 

PURPOSE: To improve the generating efficiency of a 
fuel cell/gas turbine combined generation system by 
combining a fuel cell, a combustor, a gas turbine, an air 
compressor, and an air side regeneration heat 
exchanger, to fulfill a specific function. 
CONSTITUTION: In this fuel cell/gas turbine combined 
generator system, a fuel cell 3 to generate a power 34 
by making pressured airs 42 and 43, and a fuel, react 
through a soild electrolyte membrane 33; a combustor 7 
to burn a fuel exhaust gas 311 exhausted from the fuel 
cell 3, and the air gas 321, so as to produce a 
combustion gas 71; a gas turbine 81 to drive a generator 
83 by using the combustion gas as the operation gas; an 
air compressor 4 to produce the pressured airs 42 and 
43; and an air side regeneration heat exchanger 51 
provided between the air compressor 4 and the fuel cell 
3, and to heat the pressured airs 42 and 43 by the 
exhaust gas of the gas turbine 81; are provided. This 
combined generator system improves the generating 




efficiency of the gas turbine, the efficiency of its bottoming cycle is improved more than a 
conventional system even though the generation by a steam turbine used conventionally is not 
carried out, and the generation efficiency as the whole system can be improved. 
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(54) FUEL CELL/GAS TURBINE COMBINED GENERATION SYSTEM 

(57)Abstract: 

PURPOSE: To improve the generating efficiency of a fuel cell/gas 
turbine combined generation system by combining a fuel cell, a 
combustor, a gas turbine, an air compressor, and an air side 
regeneration heat exchanger, to fulfill a specific function. 
CONSTITUTION: In this fuel cell/gas turbine combined generator 
system, a fuel cell 3 to generate a power 34 by making pressured 
airs 42 and 43, and a fuel, react through a soild electrolyte 
membrane 33; a combustor 7 to burn a fuel exhaust gas 31 1 
exhausted from the fuel cell 3, and the air gas 321, so as to 
produce a combustion gas 71; a gas turbine 81 to drive a generator 
83 by using the combustion gas as the operation gas; an air 
compressor 4 to produce the pressured airs 42 and 43; and an air 
side regeneration heat exchanger 51 provided between the air 
compressor 4 and the fuel cell 3, and to heat the pressured airs 42 
and 43 by the exhaust gas of the gas turbine 81; are provided. This 
combined generator system improves the generating efficiency of 
the gas turbine, the efficiency of its bottoming cycle is improved 
more than a conventional system even though the generation by a 
steam turbine used conventionally is not carried out, and the 
generation efficiency as the whole system can be improved. 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The fuel cell which application-of-pressure air and a fuel are made to react through a solid-electrolyte 
membrane, and generates power, The combustor which the fuel exhaust gas and air exhaust gas which are 
discharged from said fuel cell are burned, and generates combustion gas, The gas turbine which drives a 
generator by making said combustion gas into working medium, and the air compressor which generates said 
application-of-pressure air, The fuel cell / gas turbine combined cycle power generation system characterized by 
having the air side regenerated heat exchanger which is infixed between said air compressors and said fuel cells, 
and heats said application-of-pressure air with exhaust air of said gas turbine. 

[Claim 2] The fUel cell / gas turbine combined cycle power generation system of claim 1 characterized by 
having the fuel side regenerated heat exchanger which is installed in said fuel cell and heats said fuel supplied 
with said fuel exhaust gas. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention generates electricity combining a solid oxide fuel cell and the gas 
turbine which drives a generator, and relates to the fuel cell / gas turbine combined cycle power generation 
system which raised generation efficiency. 
[0002] 

[Description of the Prior Art] A solid oxide fuel cell is a fuel cell which consisted of ceramics which operates at 
the temperature of 800 to 1000 degrees C. It has the advantage from which high generation efficiency is 
acquired by such air exhaust gas discharged from a fuel cell since operating temperature of a solid oxide fuel 
cell (only henceforth a fuel cell) is high, and fuel exhaust gas temperature serving as an elevated temperature, 
and collecting and generating these exhaust gas heat in bottoming cycles, such as a gas turbine and a steam 
turbine. 

[0003] Moreover, it is also possible by using nickel for a fuel electrode in these fuel cells to perform the so- 
called internal refining which causes a steam-reforming reaction inside a fuel cell, is made to generate hydrogen 
and a carbon monoxide, and used this as a fuel by supplying a hydrocarbon and steams, such as direct methane, 
as a fuel. Since a refining reaction is endothermic reaction, can carry out endoergic [ of the heat generated with 
the fuel cell ] and can make the calorific value of a fuel increase, it can raise generation efficiency also by this. 
[0004] Drawing 2 is a block diagram which consists of the conventional fuel cell and gas turbine from which 
natural gas is used as a fuel of a fuel cell, the heat of the hot exhaust gas discharged from a fuel cell is collected 
from in the bottoming cycle which consists of a gas turbine and a steam turbine, and high generation efficiency 
was acquired, and a steam turbine and in which showing an example of a combined cycle power generation 
system. It sets to this drawing and is pressure lOata. After the combustion gas 075 mentioned later preheats the 
natural gas 01 as a fuel to 200 degrees C with the fuel preheater 02, it is mixed with the steam 0941 1 .5 to 3.0 
times the number of mols of carbon atom equivalent weight of natural gas 01 , and it is supplied to the fuel 
electrode 031 side of a fuel cell 03 by it. 

[0005] Moreover, the air 041 adopted from the outside With the air compressor 04 driven by the high-pressure 
gas turbine 081 mentioned later and the low pressure turbine 082 10ata(s) After being made the application-of- 
pressure air 042, with the primary-air preheater 05 After being heated to 500 degrees C by the combustion gas 
072 which came out of the high pressure turbine 081 , with the secondary air preheater 06 Heat exchange is 
further carried out to the fuel exhaust gas 031 1 from a fuel cell 03, and air exhaust gas 0321, it becomes the 
900-degree C application-of-pressure air 044, and the air pole 032 side of a fuel cell 03 is supplied. 
[0006] The natural gas 01 supplied to the fuel electrode 031 side reacts with a steam 0941 by making into a 
catalyst the nickel contained in the fuel electrode 031 side of a fuel cell 03, and serves as hydrogen and a carbon 
monoxide. The oxygen in such fuels and application-of-pressure air 044 reacts through the solid-electrolyte 
membrane 033 of a fuel cell 03, and direct current power 034 is generated. Moreover, the natural gas 01 
supplied to the fuel cell 03 and all the application-of-pressure air 044 are not consumed with a fuel cell 03. The 
air exhaust gas 321 which is not consumed with the fuel exhaust gas 031 1 which corresponds to 20% from 15% 
of the supplied natural gas 01 , and a fuel cell 03, but is discharged from a fuel cell 03 After being used for 
heating of the application-of-pressure air 043 by the secondary air preheater 06 as above-mentioned, it is 
introduced into a combustor 07 and bums here. 

[0007] While operating the high-pressure gas turbine 081 and the low voltage gas turbine 082 and driving the 
http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 0/1 8/2005 
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above-mentioned air compressor 04 with the combustion gas 071 which became 947 degrees after combustion, 
it generates electricity by driving a generator 083. Moreover, after introducing into the primary- air preheater 05 
the combustion gas 072 which came out of the high-pressure gas turbine 081 and preheating the application-of- 
pressure air 042 as above-mentioned, it is introduced into the low voltage gas turbine 082, and a part of 
combustion gas 074 075 which operated the low voltage gas turbine 082 is used for heating of the above- 
mentioned fuel preheater 02, and remainder 076 generates a steam with an exhaust gas boiler 09. 
[0008] The natural gas 01 with which the one section 0941 mentioned above the steam 094 generated with the 
exhaust gas boiler 09 is mixed, and it is used as a steam for internal refining, and the remaining steams 0942 
operate a steam turbine 091, and generate electricity by driving a generator 092. The exhaust air 0943 which 
operated the steam turbine 091 is condensed with a condenser 093. The condensation 0944 which came out of 
the condenser 093 is supplied to an exhaust gas boiler 09 with the feed water 0945 supplied from the outside. 
Moreover, the combustion gas 078 which came out of the exhaust gas boiler 09 is emitted to atmospheric air 
from a chimney stack 010, after mixing with the combustion gas 077 from the fuel preheater 01 . The generation 
efficiency of this combined cycle power generation system is 65%, and the breakdown of an output is 2% of 
steam turbines 79% of solid oxide fuel cells, and gas turbine 19%. 

[0009] However, there are the following nonconformities in the generation-of-electrical-energy system which 
compounded such a fuel cell, the gas turbine, and the steam turbine. 

[0010] (1) The steam temperature of a steam turbine is low, and since generation efficiency is low, there is 
much exhaust heat from a condenser. 

[001 1] (2) Many number of devices becomes the increment in cost. 

[0012] (3) The capacity of a steam turbine has a limit, by small capacity, a steam turbine cannot be attached but 
the part and generation efficiency worsen. 

[0013] (4) The difference of the fuel inlet temperature of a solid oxide fuel cell and outlet temperature is large, 

and a big temperature gradient occurs in a fuel cell. 

[0014] 

[Problem(s) to be Solved by the Invention] Even if this invention stops the adoption to the system of a steam 
turbine which is made to increase the amount of generations of electrical energy in a gas turbine, and causes 
nonconformity of a generation-of-electrical-energy system conventionally [ above-mentioned ] by improvement 
in temperature efficiency of a regenerated heat exchanger in order to cancel the nonconformity of the combined 
cycle power generation system containing the conventional fuel cell mentioned above, it makes it a technical 
problem to offer the fuel cell / gas turbine combined cycle power generation system which does not spoil the 
generation efficiency as the whole generation-of-electrical-energy system. 

[0015] Moreover, this invention makes it a technical problem to offer the fuel cell / gas turbine combined cycle 

power generation system which does not make a fuel cell generate a big temperature gradient. 

[0016] 

[Means for Solving the Problem] For this reason, the fuel cell / gas turbine combined cycle power generation 
system of this invention were made into the following means. 

[0017] (1) The fuel cell which supplies application-of-pressure air and a fuel to the both sides of a solid- 
electrolyte membrane, is made to pass the oxygen ion in application-of-pressure air in a solid-electrolyte 
membrane, is made to react with the fuel supplied to the opposite hand of a solid-electrolyte membrane, and can 
generate power was formed. 

[001 8] (2) The combustor which the air exhaust gas which is not consumed with a fuel cell among the 
compressed air supplied to the fuel cell and a fuel, but is discharged from a fuel cell, and fuel exhaust gas are 
burned, and generates combustion gas was prepared. 

[0019] (3) It operated with combustion gas and the gas turbine which generates electricity by making a 
generator drive was prepared. 

[0020] (4) It introduced from the outside and the air compressor which generates the application-of-pressure air 
supplied to a fuel cell was formed. 

[0021] (5) The air side regenerated heat exchanger which heats the application-of-pressure air breathed out from 
an air compressor with the combustion gas which operated the gas turbine was prepared. 
[0022] Moreover, in addition to the above-mentioned means, the fuel cell / gas turbine combined cycle power 
generation system of other this inventions were made into the following means. 
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[0023] (6) The fuel side regenerated heat exchanger which heats the fuel supplied to a fuel cell to near the 
operating temperature at the time of a generation of electrical energy with the fuel exhaust gas heated by the 
heat produced at the time of a generation of electrical energy within a fuel cell was prepared. 
[0024] 

[Function] Since the fuel cell / gas turbine combined cycle power generation system of this invention raise 
temperature efficiency as for (1) air side regenerated heat exchanger and performs heat recovery with the means 
of above-mentioned (1) - (5), its generation efficiency of a gas turbine improves. Even if this does not perform 
the generation of electrical energy by the steam turbine currently used conventionally, the effectiveness of a 
bottoming cycle can improve compared with a system conventionally, and can raise the generation efficiency as 
the whole system. 

[0025] Moreover, in addition to (1), the fuel cell / gas turbine combined cycle power generation system of other 
this inventions can preheat the fuel supplied to a fuel cell by adoption of (2) fuel side regenerated heat 
exchanger with the above-mentioned (6) means, and since it can be made an elevated temperature, it can ease 
the temperature gradient in a fuel cell. 
[0026] 

[Example] the fuel cell / gas turbine combined cycle power generation system of the following and this 
invention — a drawing — a basis --**** explanation is given. Drawing 1 is the block diagram showing one 
example of the fuel cell / gas turbine combined cycle power generation system of this invention. 
[0027] Pressure lOata supplied from the storage tank as shown in drawing It is the fuel preheater 2, the fuels 1, 
such as natural gas, turn into the fuel 101 which the combustion gas 73 which came out of the air side 
regenerated heat exchanger 51 preheated to 200 degrees, and after being mixed with the steam 91 supplied from 
the steam generator [ of a fuel 1 ] 9 of carbon atom equivalent weight of one 1 .5 to 3 times the number of mols 
of this, they are supplied to the fUel electrode 31 side of a fuel cell 3. This fuel 101 is the fuel side regenerated 
heat exchanger 35 prepared in the fuel cell 3. Oxygen ion 02- under time 43 of the generation of electrical 
energy in a fuel cell 3, i.e., the application-of-pressure air supplied to the air pole 32 mentioned later Pass a 
solid-electrolyte membrane 33, and move to a fuel electrode 31 and it is heated by even 1000 degrees C with the 
operating temperature generated when generating electricity by reacting with the fuel by which refining was 
carried out. And it becomes the fuel 102 heated to 976 degrees C, and a fuel electrode 31 is supplied with the 
fuel 311 which was not consumed within the fuel cell 3 but remained, i.e., fuel exhaust gas. Moreover, the fuel 
exhaust gas 31 1 by the side of heating in this fuel side regenerated heat exchanger 35 is cooled to 500 degrees. 
Moreover, the fuel 102 supplied to the fuel electrode 31 turns into a fuel by which reacted with the steam and 
refining was carried out to hydrogen and a carbon monoxide by making into a catalyst the nickel contained in 
the fuel electrode 31 of a fuel cell 3. 

[0028] On the other hand, the air 41 adopted from the open air is 10ata(s) with the air compressor 4 driven by 
the gas turbine 81 mentioned later. It is compressed, becomes the application-of-pressure air 42, and becomes 
the application-of-pressure air 43 which makes a heat source the combustion gas 72 from the gas turbine 81 of 
90% of temperature efficiency and which was heated to 560 degrees C by the air side regenerated heat 
exchanger 51 , and the air pole 32 of a fuel cell 3 is supplied. 

[0029] It performs the generation of electrical energy which emits an electron, and generates direct current 
power 34 while an electron is taken by the air pole 32 as mentioned above, and the oxygen in the application-of- 
pressure air 43 supplied to the air pole 32 becomes oxygen ion 02-, passes a solid-electrolyte membrane 33, 
moves to a fuel electrode 3 1 , is supplied to a fuel electrode 3 1 , reacts with the fuel by which refining was 
carried out to hydrogen and a carbon monoxide and generates an oxide. However, all the fuels supplied to the 
fuel electrode 31 are not consumed with a fuel cell 3, but after 1 5% - 20% of fuel serves as fuel exhaust gas 311 
as mentioned above, and it heats a fuel 102 by the fuel side regenerated heat exchanger 35, it is cooled to 500 
degrees C and it flows into a combustor 7. 

[0030] Moreover, the application-of-pressure air 43 supplied to the air pole 32 is not consumed with a fuel cell 
3, either, but all serve as air exhaust gas 321 , and flow into a combustor 7. The air exhaust gas 321 which 
flowed into the combustor 7 is heated to 844 degrees C with the operating temperature at the time of the 
generation of electrical energy in a fuel cell 3, burns the fuel exhaust gas 311 which flowed into the combustor 
7, and generates 1098-degree C combustion gas 71. The combustion gas 71 which came out of the combustor 7 
flows into a gas turbine 81, and operates a gas turbine 81 . KAZUTABIN 81 generates electricity by ****(ing) 
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the generator 83 and driving a generator 83 while it is ****(ed) to the air compressor 4 mentioned above and 
drives an air compressor 4 as above-mentioned. 

[0031] Moreover, the combustion gas 72 which operated the gas turbine 81 flows into the air side regenerated 
heat exchanger 51 , and as mentioned above, after heating the application-of-pressure air 42 breathed out from 
the air compressor 4, it is the fuel preheater 2, and some combustion gases 74 of a combustion gas 73 are used 
for the preheating of a fuel 1 as above-mentioned, turn into the low-temperature combustion gas 75, and flow 
out of the fuel preheater 2 here. Furthermore, the remaining combustion gas 75 flows into a steam generator 9, 
heats feed water 93, and generates a steam 91 . The combustion gas 76 made to generate a steam 91 is emitted to 
atmospheric air from a chimney stack 21 , after mixing with the combustion gas 75 from said fuel preheater 2. 
Moreover, as above-mentioned, the fuel 101 which it preheated is mixed and the steam 91 generated with the 
steam generator 9 is used for fuel refining in a fuel electrode 3 1 . 

[0032] As mentioned above, although one example of this invention was described, the generation efficiency in 
this example is 70%, and the breakdowns of an output are SOFC73% and gas turbine 27%. This generation 
efficiency is improving 5% as compared with the thing of the conventional generation-of-electrical-energy 
system mentioned above, namely, the thing for which the steam turbine currently used for the conventional 
generation-of-electrical-energy system is abolished — moreover, although the heat loss which the heat loss from 
a capacitor is lost and is emitted to atmospheric air by the combustion gas 76 increases, since recovery heat 
increases by improvement in the temperature efficiency of the air side regenerated heat exchanger 51 and the 
amount of generations of electrical energy by the gas turbine 8 1 increases, generation efficiency is improving as 
above-mentioned in spite of the increment in the heat loss by being emitted to atmospheric air. That is, 
bottoming cycle efficiency rises from a system conventionally by making only a playback gas turbine cycle into 
the bottoming cycle of a fuel cell. 

[0033] This is clear from the heat input of the bottoming cycle shown below, an output, and cycle efficiency. 
System Heat input Output Bottoming cycle efficiency The conventional system 60939kcal/s 1531 1 kcal/s 
25.1% This example system 59071 kcal/s 19378kcal/s The reinforcement of the fuel cell 3 can be carried out 
without a big temperature gradient occurring in a fuel cell 3 again according to this example, 32.8%, since a fuel 
101 is heated by the fuel side regenerated heat exchanger 35 and it flows into a fuel cell 3 at 976 degrees C near 
the operating temperature of a fuel cell 3. 
[0034] 

[Effect of the Invention] Since according to the fuel cell / the gas turbine combined cycle power generation 
system of this invention the temperature efficiency of an air side regenerated heat exchanger is raised and heat 
recovery can be carried out by the configuration shown in a claim as stated above, the generation efficiency of a 
gas turbine improves. Even if this does not perform the generation of electrical energy by the steam turbine 
currently used conventionally, the effectiveness of a bottoming cycle can improve compared with a system 
conventionally, and can raise the generation efficiency as the whole system. 

[0035] And the various nonconformities by steam turbine activity can be solved, and it can consider as a 
generation-of-electrical-energy system with low cost that there are few devices. 

[0036] Moreover, since the fuel supplied to a fuel cell can be preheated to near the operating temperature and it 
can be made an elevated temperature by adoption of a fuel side regenerated heat exchanger, the temperature 
gradient in a fuel cell can be eased and the various nonconformities which accompany this can be canceled. 

[Translation done.] 
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* NOTICES * 

iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Translation done.] 
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